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KEYWORDSABSTRACT

Doped hydroxyapatites with enhanced physical, chemical, mechanical and
physiological stabilities have received significant attention as bone substi-
tute materials, bone tissue engineering, orthopedics etc. Fe doped hydroxya-
patite bio-ceramic material has been successfully synthesized from egg shell
for the first time by wet chemical precipitation method. (NH

4
)

2
HPO

4
 was

used as the source of phosphate. Two different concentrations of doping
solution were chosen to synthesize the doped apatite and the developed
apatite was characterized by using FTIR, XRF, XRD and SEM techniques.
Observed data were in excellent agreement with the standard values for
hydroxyapatite which indicated that the change in concentration of doping
solution did not affect the characteristics of the doped apatite.
 2011 Trade Science Inc. - INDIA

INTRODUCTION

Hydroxyapatite (HA) being an analog material to
bone and tooth mineral has been categorized as
biocompatible, bioactive and osteoconductive (bone
bonding ability with surrounding tissues)[1-5]. However,
wider applications of synthetic HA are somewhat re-
stricted due to its in-vivo solubility and inferior me-
chanical properties which limits its use in load-bearing
application[1,6]. Thus, to get rid of these problems, at-
tempts have been initiated by the researchers to syn-
thesize doped HA. Since flexible structure of HA per-
mits suitable cationic and anionic substitutions to en-
hance the mechanical and physiochemical stabilities,

doping treatment of HA has now become an important
area of research[7-10]. Hence, now-a-days researchers
have put their best effort to develop modified synthetic
apatites by the substitution or doping of chemical spe-
cies found in natural bone. Such modification plays a
significant role not only to produce HA with better me-
chanical and physiological stabilities but also to improve
the suitability of HA for restoration of hard tissue such
as bone and teeth[2,9]. Moreover, incorporation of such
species is also considered to have enormous effects on
the mineralization, demineralization and re-mineraliza-
tion processes occur in the calcified tissues[11]. For in-
stance, fluoride-substituted hydroxyapatite has better
thermal and chemical stabilities than hydroxyapatite[12].
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However, vertebrate bone and tooth minerals is con-
sidered to contain HA structure with various substitu-
tion of Na+, K+, Fe3+, Mg2+, Sr2+, Cl-, F-, HPO

4
-

ions[13,14].
Iron is one of the trace elements in bone and teeth[13]

and it is a vital element in the circulatory system, essen-
tial for the functioning of numerous proteins in cells[14].
The presence of iron in HA lattice greatly influenced its
solubility and crystallinity[13]. Bio-compatible ferromag-
netic ceramic materials exhibit promising characteristic
for some bio-medical and therapeutic applications such
as hyperthermia treatment for cancer and tumor masses,
magnetic resonance imaging and release of drug[15,16].
Hyperthermia treatment usually involves an external
energy source, but the drawback of using such an ex-
ternal energy source is that it is also absorbed by the
normal tissue while passing through the body. So, to
overcome this limitation application of ferromagnetic bio-
ceramics has now received significant attention. Such
bio-ceramics upon implementation, around the tumor
acts as thermo seeds and heat the tumor locally to 42°-

46°C by their hysteresis loss when place under an al-

ternating field[15,16]. It is to be noted that, normal cells
are not affected at this temperature. Thus, hydroxya-
patite doped with iron oxide can be used for the treat-
ment of bone cancer by hyperthermia and also can pro-
mote the bone formation[15]. However, iron doped HA
is super paramagnatic and also provides better
biocompatibility than pure HA[17].

Considering the diverse role of iron in biological
functions, in this piece of work we have attempted to
synthesize iron doped apatite by using waste egg shell
as the prime raw material of Ca source. This would,
undoubtedly be a cost-effective method and be also
beneficial for creating an effective waste management
technology. Moreover, such an effort will be a blessing
mostly for those countries in which bio-ceramics have
presently been imported.

EXPERIMENTAL

Materials

The chemicals FeCl
3
, NH

4
OH, HNO

3,
 (NH

4
)

2
-

HPO
4
 used in this study were 99.99% pure analar grade,

obtained either from E. Merck or BDH. All the solu-
tions were prepared using double distilled water.

Synthesis of Fe doped HA

Prior to the synthesis of Fe doped apatite, the egg
shells were cleaned, powdered and characterized as
described in our previous approach[18]. Iron doped HA
was synthesized by following the earlier generalized wet
chemical precipitation method[18]. However, briefly req-
uisite amount of egg shell powder was dissolved in conc.
HNO

3
 and the pH of the solution was changed to 10.0

with aqueous ammonia. At this stage first doping solu-
tion (0.1 M and 0.05 M FeCl

3
)

 
was mixed with the egg

shell solution then ammonical (NH
4
)

2
HPO

4
 (pH  10.0)

was added drop wise. The gelatinous precipitates of
doped HA was kept for overnight and the precipitate
was then filtered, washed and dried at 110C to re-
move any trace of water. After oven drying calcinations
was followed at 900C. The calcined sample was then
crushed to fine powder which was then subjected to
characterization. To compare the results, pure HA (Ca/
P=1.67) was also synthesized by following the above
experimental procedure.

Characterization

Synthesized Fe doped HA was first analyzed to
ensure the presence of Ca and P. Atomic absorption
(AAS) and UV spectrophotometric methods were used
to analyze these elements respectively. The presence of
functional groups were determined by Fourier trans-
form infrared spectroscopy (FT-IR, Model no. FT-IR-
8900, SHIMADZU). Experimental spectra were ob-
tained by using KBr disks with a 1:100 �samples-to-

KBr� ratio and the samples were scanned in the wave

number range of 4000 cm-1-00 cm-1 with an average of
30 scans. The resolution of the spectrometer was 4 cm-

1. Phase purity of the prepared samples was investi-
gated by using PANalytical (X�Pert PRO XRD PW

3040). The intensity data were collected in 0.02 steps
following the scanning range of 2è = 20-0 using CuK
( = 1.54178A) radiation. The observed phases were
compared and confirmed using standard JCPDS files
as described in the following section.

RESULTS

Figure 1 shows the typical FTIR spectrum of oven
dried (110°C) iron substituted apatite, synthesized by

using 0.1M doping while figure 2 presents the corre-
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sponding FTIR of calcined (900°C) Fe doped apatite.

The recorded XRD patterns of the Fe-doped synthe-
sized apatite (at 110°C and 900°C) are depicted in

figure 3 and 4 respectively. SEM micrograph of the
calcined (at 900°C) doped apatites (synthesized by

using 0.1 M and 0.05 M doping solution) are shown in
figure 5 and 6.

DISCUSSION

Characterization of Fe doped HA

Chemical analysis

The preliminary characteristic analysis i.e. the pres-
ence of Fe+3 ion in the substituted hydroxyapatites was
confirmed by XRF analysis which also provided the
Ca/P ratio as 1.66-1.67. This value is within the ac-
ceptable limit as found in pure HA.

FTIR analysis

The observed characteristic broad peaks (Figure
1) representing the phosphate (PO

4
3-) group for the

oven dried samples supported the formation of apatite
but in poor crystalline and amorphous nature. Addi-
tionally peaks for adsorbed water were also appeared
in this case. This ill-defined crystalline behavior was dra-
matically changed to well crystalline form due to sinter-
ing at 900°C. The corresponding band positions rep-

resenting the PO
4
3- group were evident as distinct, sharp

peaks as expected (Figure 2). Particularly, the signifi-
cant gap between the band positions of PO

4
3- group at

563.1 cm-1 and 602.7 cm-1 suggested the formation of
well crystalline apatitic phase[19]. This result was then
subsequently confirmed from the XRD data which has
been summarized in the next section. The presence of
small peak for C-O vibration bonds of carbonate group
at 1423 cm-1 in Figure 2 provided the information that
this sample contained carbonate ion and the presence
of the carbonate ions promoted the incorporation of
cation in the doped apatite[11]. The visualized band po-
sitions and their corresponding assignments for 0.1 M
and 0.05 M Fe doped apatites are tabulated in TABLE
1. Clearly the characteristic band positions observed

Figure 3 : Xrd spectra of oven dried Fe 
(0.1m)

HA Figure 4 : Xrd spectra of calcined Fe 
(0.1m)

HA

Figure 2 : Ftir spectrum of calcined Fe 
(0.1m)

HAFigure 1 : Ftir spectrum oven dried of Fe 
(0.1m)

HA
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for both of the synthesized samples are in good agree-
ment with that of pure HA[18,19]. This observation sup-
ported the formation of the expected cation substituted
HA within the present experimental protocol.

XRD analysis

The broad peaks of the XRD spectrum (Figure 3)
of the oven dried (at 110°C) Fe doped apatite shows a

combination of the poorly crystalline and amorphous
phase which supports the observed FTIR data. The
reason of this nature is the temperature effect. It is well
established that the degree of crystallinity increases with
the increase of sintering temperature resulting several
distinct peaks. Thus this low crystallinity and amorphous
nature have been significantly changed to well-defined
crystalline HA phase after heating the sample at 900°C

(Figure 4). Clearly a number of prominent peaks for
apatite phase were in the XRD diffraction pattern. How-
ever, the observed intensity and d-spacing values for
both the samples (synthesized by using 0.1M and 0.05
M doping solution) are in excellent agreement with the
JCPDS standard data for HA[19] as shown in TABLE
2. A brilliant matching of the strong diffraction peaks at
2 positions 31.78° (2 1 1) together with other two

peaks at 32.26° (1 1 2) and 32.95° (3 0 0) ensured

the formation of well crystallized doped apatite at 900°C.

This observation confirmed the formation of Fe substi-
tuted apatite of hexagonal structure and strictly proved
that a variety of substitutions of both cationic and an-
ionic is possible in hydroxyapatite structure without any
significant modification of its hexagonal system as men-
tioned in the previous investigation[11].

The crystallite size, crystallinity and cell volume of
both of the calcined (at 900°C) doped samples were

calculated as described previously[18]. The calculated

values were tabulated in TABLE 3. The lattice param-
eters and cell volume values of the 0.05 M Fe-doped
apatite did not significantly changed as compared to
those values of pure HA[18] but in case of 0.1 M doped
apatite, lattice parameters and cell volume values are
lower that observed in case of pure HA[18]. However
for both cases lower values of crystallite size and crys-
tallinity were observed as substitution reduces signifi-
cantly the crystallite size as well as crystallinity[7]. Pos-
sibly, the changes in cell volume for the later case would
be due to the substitution of more cation (since 0.1 M
Fe doping solution was used in this case).

SEM analysis

As the crystallinity of apatites strictly depends on the
sintering temperature and as a consequence it has al-
ready been shown that synthesized apatite usually forms
in well crystalline shape only after sintering at 900°C, so

the morphology and micro structural features of the crys-
talline Fe substituted apatites synthesized at this tempera-
ture were further examined by capturing their SEM mi-
crographs. The recorded SEM pictures (Figure 5 and 6)
for calcined (at 900°C) apatites appeared with having a

combination of different regular but agglomerated shapes,
such as hexagonal, spherical, etc.

CONCLUSION

Fe substituted or doped hydroxyapatite has been
successfully synthesized from egg shell for the first time,
which could be a potential and cost-effective bio-ce-
ramic material for bone substitution in surgery, ortho-
pedics and dentistry fields. The synthesized doped apa-
tites were characterized by XRF, FTIR, XRD and
SEM techniques and resembled the characteristics of

Figure 5 : Sem micrograph of calcined Fe 
(0.1m)

HA Figure 6 : Sem micrograph of calcined Fe 
(0.05m)

HA
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apatite. However, incorporation of such cation in hy-
droxyapatite structure will play a vital role to enhance
the bioactivity and physiochemical properties of the
apatite. On the other hand utilization of egg shell will
open up an effective trail for waste management
through material re-cycling approach which will ulti-
mately be a significant step towards a green and clean
environment.
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--------- 1419.3 1423.47 CO3
2- group (3) 

1650.0 1633.2 1639.4 H2Oadsorbed(2) 

3500.00 3231.52 3431.3 Structural OH- 

TABLE 2 : Relative intensity and d- spacing (hexagonal unit
cell) for calcined pure ha and Fe doped HA

Fe (0.1) HA Fe (0.05) HA Pure HA 

d- 
spacing 

relative 
intensity 

d- 
spacing 

relative 
intensity 

d-
spacing 

relative 
intensity 

4.0710 8.62 4.0787 9.28 4.0748 6.38 

3.8682 6.93 3.864 9.36 3.8999 4.45 

3.4332 52.03 3.4353 38.68 3.4395 38.68 
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